Background: Physical performance tests are important to assess the effect of physical activity interventions in older people with dementia, but their psychometric properties have not been systematically established within this specific population.
Introduction
In the next few decades, the number of people with dementia will increase dramatically (Mura, Dartigues et al. 2010 ). Dementia does not only lead to cognitive deficits, but also to a decline in physical performance (Kido, Tabara et al. 2010 , Leandri, Cammisuli et al. 2009 ). Together, these declines will result in a reduction in the capacity to perform instrumental activities of daily living, such as household activities, and eventually also more basic everyday activities, such as bathing, eating and dressing (Wennie Huang, Perera et al. 2010) . The ability to perform these activities are essential to a person's autonomy and, consequently, to his or her quality of life (Iavarone, Milan et al. 2007 ).
Unfortunately, dementia cannot be cured, but the decline in physical performance can be slowed by physical activity interventions (Blankevoort, van Heuvelen et al. 2010) .
Physical performance can be considered a construct describing basic abilities that are needed to accomplish physically demanding tasks, with mobility, balance and strength as the underlying domains (Rydwik, Frandin et al. 2004 ). These domains can be assessed using speed measures or tasks assessing functional mobility (Podsiadlo, Richardson 1991 , Kuiack, Campbell et al. 2004 , Rolland, Pillard et al. 2007 , Ries, Echternach et al. 2009 ), dynamic balance (e.g., balance during walking; Johannson, Jarnlo 1991, Shkuratova, Morris et al. 2004 ) and static balance (Rossiter-Fornoff, Wolf et al. 1995) , and tests measuring upper limb (Resnick, Gruber-Baldini et al. 2009 , Mathiowetz, Weber et al. 1984 , van Heuvelen, Kempen et al. 2000 and lower limb strength (Jones, Rikli et al. 1999 ).
To measure the effect of exercise on these three domains in people with dementia a set of suitable and feasible tests is needed. Within the scope of the present study, this implies that the tests also need to be suitable for older people with varying degrees of cognitive impairment. Test instructions should therefore be simple, and the tests easy to administer, perform, score, and interpret, as well as being cost effective. Crucially, the tests also need to be reliable to ensure that changes in test scores reflect changes in performance and are not caused by variability in the test. Apart from fatigue and learning effects, the reliability of such tests is also assumed to be influenced by the characteristics of the individual being assessed, such as age, gender, and level of cognitive impairment (Ries, Echternach et al. 2009 , Baumgartner, Jackson et al. 2003 ).
In the current study we evaluate the reliability of six widely used physical performance tests in older people diagnosed with dementia. Specifically, the focus of our investigations is on examining the tests with regard to their relative reliability (in terms of consistency 44 of within-group position; Ries, Echternach et al. 2009 , Bruton, Conway et al. 2000 and absolute reliability (as reflected in the degree of variation between repeated measurements; Nordin, Rosendahl et al. 2006 , van Iersel, Benraad et al. 2007 ). There are several reasons for this specific focus. First, there is evidence to suggest that cognitive impairment affects the reliability of different measurements (Phillips, Chu et al. 1993) . Second, there are few studies that have tested the reliability of common tests in our population of interest, with two studies solely examining their relative reliabilities in small and selective samples (Thomas, Hageman 2002 , van Iersel, Benraad et al. 2007 ). The study by Ries and colleagues (Ries, Echternach et al. 2009 ) is the only study that systematically evaluated the reliability of functional mobility and endurance outcomes in older people with Alzheimer's disease.
The authors report large between-subject variability and recommend minimal detectable change (MDC) scores at the 90% confidence interval to monitor performance and treatment outcomes (Ries, Echternach et al. 2009 ).
The twofold goal of our study accordingly is to investigate the relative and absolute test-retest reliabilities of six common physical performance tests gauging mobility, balance, and strength in a group of older people with dementia, while analyzing the effect of cognitive impairment on the reliability measures, and to provide and address the relevance of MDC scores for all outcome measures.
Methods

Participants
Our study was approved by the local medical ethics committee. If participants were eligible for participation, informed consent was obtained from their legal representatives.
A total of 58 participants were recruited between 2009 and 2011, from six different nursing homes and two day-care centers around the city of Groningen, the Netherlands.
The study started within two months of the initial selection, during which time informed consent was obtained and assessments organized and scheduled. All participants were 70 years or older and diagnosed with dementia by the national 'care indication center' (CIZ), whose diagnosis and referral are mandatory in order to gain access to special geriatric care in the Netherlands. The diagnostic criteria from the CIZ are identical to the DSM-IV criteria for dementia. Exclusion criteria were a score of 9 or lower on the Mini Mental-State Exam (MMSE; Folstein, Folstein et al. 1975) to prevent measurement errors based 45 Chapter 3
The reliability of six physical performance tests in dementia on the incapacity to comply with the protocol (Nordin, Rosendahl et al. 2006; Tappen, Roach et al. 1997 ), vision problems hampering mobility or test performance, a history of psychiatric illness (e.g., schizophrenia or bipolar disorder), neurological illness (e.g., stroke or epilepsy), alcoholism, systematic or other brain diseases that could account for the cognitive impairment, the use of a wheelchair for mobility or physical problems that could affect physical performance (e.g., a sprained ankle or (severe) musculoskeletal disorders).
Physical performance tests
The participants performed the assessments of gait speed, functional mobility and dynamic balance twice during each of the two test sessions, all without practice trials.
Gait speed was measured using the 6-meter walk test (Thomas, Hageman 2002) , which requires subjects to walk six meters in a straight line in their normal pace. The use of assistive walking devices was allowed. The outcome measure was the mean duration of two attempts, converted to walking speed (m/s), with higher scores indicating better performance. The relative reliability of the 6-meter walk test has previously been demonstrated to be excellent (ICC = .92) in older women with moderate dementia (MMSE 17.79, SD 7.17; Thomas, Hageman 2002) .
Dynamic balance was assessed with the Figure -of-Eight test (FoE; Johannson, Jarnlo 1991 , Pettersson, Engardt et al. 2002 , Frandin, Sonn et al. 1995 , which requires participants to walk two laps of a standard 10-meter long figure-of-eight course (with 15-centimeter wide contours). They are instructed to walk as fast and follow the contours as accurately as possible (Shkuratova, Morris et al. 2004 ). The fastest of two attempts and thus the best performance was noted (Tegner, Lysholm et al. 1986 ). As far as we know, the reliability of the FoE has not been investigated in older people with dementia, but two previous studies did demonstrate that in cognitively healthy older people its relative reliability was excellent (ICC = .92, and ICC = .98, respectively; Jarnlo, Nordell 2003 , Helbostad, Sletvold et al. 2004 .
Functional mobility was evaluated with the Timed Up & Go test (TUG; Podsiadlo,
Richardson 1991) requiring participants to stand up from a chair, walk three meters, turn around, walk three meters back, and sit down again in the same chair, all in their normal pace. The use of hands and normal walking aids were allowed. The outcome measure was the mean in seconds of two trials, with faster scores indicating better performance.
The TUG is reliable and valid for quantifying functional mobility (Eggermont, Gavett 46 et al. 2010 , Podsiadlo, Richardson 1991 and has also been found to be reliable in older people with Alzheimer's disease (ICC ≥ .95; SEM = 2.48; MDC = 4.86; Ries, Echternach et al. 2009 ). We included the TUG to allow comparison with the Ries et al. study (Ries, Echternach et al. 2009 ).
Static balance was gauged with the Frailty and Injuries: Cooperative Studies of
Intervention Techniques (FICSIT-4; Rossiter-Fornoff, Wolf et al. 1995) . The participants were asked to adopt four different stances, i.e. the parallel, semi-tandem, tandem, and single-leg stance, with their eyes open and without assistive devices and to try and maintain each stance for 10 seconds, with stances being sequentially adopted. The FICSIT-4 scale score ranges from 0 to 5 (0 for unsuccessful and 1 for successful parallel stance; 2 for semitandem stance, 3 if tandem stance was maintained less than 10 seconds, 4 for tandem stance, 5 for one legged stance). If a participant maintained the parallel or semi-tandem stance less than 10s but more than 3s an additional 0.5 points were awarded (Rossiter- 
Global cognitive functioning
The participants' global cognitive abilities were assessed by the primary researcher (C.G.B.), who is a trained neuropsychologist, using the Mini-Mental State Examination (MMSE; Folstein, Folstein et al. 1975) . All patients were assessed in the week prior to their first physical test. Scores on the MMSE range from 0-30, with a score below 10 being indicative of severe cognitive impairment, while scores between 10-19 and those between 20-24 reflect moderate and mild cognitive impairment, respectively (Binetti, Mega et al. 1998 , Kapaki, Paraskevas 2005 .
Procedure
For the practical approaches to optimize the communication with our participants, we refer to the extensive description Ries and colleagues provided in their study of Alzheimer patients (Ries, Echternach et al. 2009 Even with a high ICC, the trial-to-trial consistency of physical measurements can be poor, especially in heterogeneous datasets (Bruton, Conway et al. 2000 , Nordin, Rosendahl et al. 2006 , van Iersel, Benraad et al. 2007 ). We thus also considered their absolute reliabilities (Nordin, Rosendahl et al. 2006 , van Iersel, Benraad et al. 2007 ), which we calculated with the Bland-Altman 95% limits of agreement and the standard error of measurement (SEM; Bruton, Conway et al. 2000 , Bland, Altman 1986 , Keating, Matyas 1998 . To facilitate interpretation of the results, the SEM is reported in the same quantity used for the original measurement (e.g., in kilograms, m/s (speed), time(s)).
It thus provides the range within which a participant's true score may fall (Domholdt 2005) . If the SEM is small, indicating high absolute reliability, the true score is close to the recorded score (Bruton, Conway et al. 2000) . The probabilities of the normal curve can then be applied to the SEM (Ries, Echternach et al. 2009 ), which means that with a probability of 68% the score on a next assessment will be within 1 SEM from the original score. Moreover, with a probability of 95% the next score for the same participant will be within 2 SEMs from the first score. The 95% confidence intervals for the SEM were calculated as described by Stratford and Goldsmith (Stratford 1997) :
The abbreviations in the latter formula have the following meaning: SSE, the sum of squared errors in the ANOVA table, χ 2 α, dfe the chi-square value for probability level α, and dfe the degrees of freedom of the SSE provided in the ANOVA table (Stratford 1997) . The square roots of these two values provide the borders for the 95% CI of the SEM (Stratford 1997).
Finally, to be able to interpret changes in test scores, the minimal detectable change (MDC) with 95% confidence interval (CI) was calculated (Ries, Echternach et al. 2009 ):
The MDC is the required magnitude of observable change that exceeds the anticipated measurement error and within-subject variability (Haley, Fragala-Pinkham 2006) . In other words, if a participant's score exceeds the value of the MDC than it can be said to reflect a true change in performance with 95% confidence.
The calculations were performed for the total group and stratified by level of cognition, distinguishing between participants with mild (MMSE ≥ 20) and those with moderate (MMSE 10-19) cognitive impairment (Binetti, Mega et al. 1998 , Kapaki, Paraskevas 2005 .
No overlap in the CI of the ICC or the SEM was taken to indicate a statistically significant difference in performance scores for the groups with mild and moderate decline (Flechner, Tseng 2011).
For a visual inspection of the similarity between the two measurements Bland-Altman plots were created with the limits of agreements (LoA). With reflecting the residual-error variance. Table 3 .1 presents the characteristics of the 58 participants in the final sample; 17 participants were male and 41 female, with ages ranging from 70 to 92 years. No significant differences in age, gender, or the use of walking aids were found between the participants with mild (MMSE: 20-28) and moderate (10-19) cognitive impairment. However, the differences for place of residence were statistically significant. The data of the FoE, the TUG, and Jamar dynamometer were positively skewed and heteroscedastic, with higher means yielding higher variability, as is reflected by the wider LoAs. The data of the 6-meter walk test, the CRT, and the FICSIT-4 were homoscedastic 51 Chapter 3
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Discussion
The main goal of our study was to evaluate the relative and absolute reliability of six physical functioning tests in older people (70-92 yrs) with dementia, with a focus on tests gauging gait speed, dynamic balance, functional mobility, static balance, lower-limb strength, and grip strength. Additionally we analyzed the effects of cognitive impairment on the reliability coefficients.
Relative reliability
The results showed that the relative reliability was excellent for the TUG, FoE, and Jamar dynamometer (ICC > .90), and good for the 6-meter walk test, CRT and FICSIT-4 (ICC .75-.90). The differences in relative reliability between the participants with mild and those with moderate cognitive impairment were non-significant.
The values we obtained for the FoE, Jamar dynamometer, 6-meter walk test, and the CRT were similar to those earlier reported for similarly aged participants with (Thomas, Hageman 2002) and without dementia (Jones, Rikli et al. 1999 , Jarnlo, Nordell 2003 , Bohannon, Schaubert 2005 Although the MDC should facilitate the appraisal of individual improvement on certain tests, the large margins of improvement the tests seem to require (e.g., 7.59 kg for grip strength) warrant discussion of their practical relevance. The first issue we will address is whether it is realistic to expect increases in performance larger than the MDC.
And secondly, whether performance improvements lower than the MDC have any clinical relevance (which, ideally, should not be the case).
To address the first issue, the systematic review of Blankevoort and colleagues (Blankevoort, van Heuvelen et al. 2010) , shows that only one study (out of sixteen) showed a post-intervention improvement larger than the MDCs for the TUG, the In summary, we conclude that the MDCs obtained for the six physical performance tests evaluated limit their applicability to detect individual improvements in older people with mild to moderate cognitive deficits in the targeted domains as (1) the increases in performance need to be very large to exceed the MDC and (2) the MDCs may be too large to allow small, but clinically relevant changes to be detected. Future research should focus on the development of more sensitive tests to monitor physical performance and identify criteria for clinical relevant changes in this population.
Limitations
This study has several limitations. First, we were unable to retrieve the etiologies (e.g., Alzheimer's disease or vascular dementia) of the dementia syndromes from the patients' medical records, as diagnoses were mostly reported as 'dementia' , or 'dementia syndrome' .
Six participants had MMSE scores higher than 24 (cut-off for mild cognitive deficit).
All six participants were attending geriatric adult day care. This means that they had a diagnoses of dementia according to the DSM-IV criteria, which is necessary for approval of the national Care Indication Center for participation in geriatric adult day care. More importantly, the MMSE is a global cognitive screening instrument and thus suitable to differentiate groups, but not appropriate to diagnose individuals.
Second, we modified elements of some of the original test protocols. For example, instructions were repeated if necessary, and hand use was allowed in the CRT, our equivalent of the sit-to-stand test. These adjustments may have influenced the comparative validities of the tests. Given the correlation between upper and lower extremity strength (in our study r = .50), it is not likely that the use of hands had a large effect on the outcome of our chair-rise test, although further research is necessary to determine the exact impact.
Third, our sample size was based on convenience and a post-hoc analysis showed that for most tests a sample of 50 subjects was required, but as 58 participants completed the test, this did not pose a problem.
Fourth, because the participants were tested at their place of residence and because examiners had to interact with the participants they could not completely be blinded from the level of cognitive functioning. The examiners did, however, not have any information regarding the MMSE scores of the participants at the moment of testing.
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Chapter 3 The reliability of six physical performance tests in dementia Finally, while the generalizability of our study appears adequate given the heterogeneity of the participants, its generalizability might be hampered by the limited geographical variability.
Conclusion
The relative reliabilities of six physical performance tests, i.e., the 6-meter walk test, FoE, TUG, FICSIT-4, CRT, and the Jamar dynamometer, were good to excellent. The tests are thus all applicable for cross-sectional and controlled intervention studies of older people with mild to moderate dementia. However, their minimal detectable change (MDC) values were large, which seriously complicates the detection of clinically relevant changes in this population. Future research should focus on the development of more sensitive tests to assess and monitor physical performance in dementia patients and to define criteria for clinically relevant changes.
